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The crystallization and characterization of a new polymorph of 2-thiouracil by single-crystal X-ray diffraction, Hirshfeld surface analysis and periodic density functional theory (DFT) calculations are described. The previously published polymorph (A) crystallizes in the triclinic space group P1, while that described herein (B) crystallizes in the monoclinic space group P2 1 /c. Periodic DFT calculations showed that the energies of polymorphs A and B, compared to the gas-phase geometry, were À108.8 and À29.4 kJ mol À1 , respectively. The two polymorphs have different intermolecular contacts that were analyzed and are discussed in detail. Significant differences in the molecular structure were found only in the bond lengths and angles involving heteroatoms that are involved in hydrogen bonds. Decomposition of the Hirshfeld fingerprint plots revealed that OÁ Á ÁH and SÁ Á ÁH contacts cover over 50% of the noncovalent contacts in both of the polymorphs; however, they are quite different in strength. Hydrogen bonds of the N-HÁ Á ÁO and N-HÁ Á ÁS types were found in polymorph A, whereas in polymorph B, only those of the N-HÁ Á ÁO type are present, resulting in a different packing in the unit cell. QTAIM (quantum theory of atoms in molecules) computational analysis showed that the interaction energies for these weak-to-medium strength hydrogen bonds with a noncovalent or mixed interaction character were estimated to fall within the ranges 5.4-10.2 and 4.9-9.2 kJ mol À1 for polymorphs A and B, respectively. Also, the NCI (noncovalent interaction) plots revealed weak stacking interactions. The interaction energies for these interactions were in the ranges 3.5-4.1 and 3.1-5.5 kJ mol À1 for polymorphs A and B, respectively, as shown by QTAIM analysis.
Introduction
Single crystals of DNA bases can be used as model systems of the natural DNA molecule, for example, for studying longrange charge migration along the DNA molecule. The longlasting problem of DNA conductance (Livshits et al., 2014) has been the subject of discussion, since some experiments demonstrated that DNA can carry electric current (Fanget et al., 2014) , while others showed no such conductance in DNA (Porath et al., 2004) . The transfer of electrons/holes over considerable distances in single crystals of purine or pyrimidine bases was researched in our previous experiments using the EPR spectroscopic properties of sulfur-centred radicals. We hypothesized that charge transfer occurs either by the overlapping of -orbitals (base stacking) or by the ions potentially present in the environment of the DNA bases (Kabiljo et al., 1990; Herak et al., 1994 Herak et al., , 1997 Herak et al., , 1999 Herak et al., , 2000 Herak et al., , 2001 ; ISSN 2053 ISSN -2296 # 2017 International Union of Crystallography Sanković et al., 1996 Sanković et al., , 2003 . The ring stacking of a DNA base in a single crystal resembles the base stacking in natural DNA (Jeffrey & Kinoshita, 1963; McClure & Craven, 1973; Mandel, 1977; Padmaja et al., 1987; Grainger & Bailey, 1981; Bugg & Thewalt, 1970; Iball & Wilson, 1965; Matković-Č alogović & Sanković, 1999 Prugovečki et al., 2005; Sanković et al., 2005) .
Polymorph A of 2-thiouracil [Cambridge Structural Database (CSD; Groom et al., 2016) refcode TURCIL] was first mentioned in the dissertation thesis of Tsernoglou (1967) ; however, only the unit cell, but no coordinates, was deposited in the CSD. The room-temperature crystal structure (TURCIL01) was published by Tiekink (1989) . The lowtemperature structure at 90 K (TURCIL02), including the topological features of the charge densities, was determined by Munshi & Guru Row (2006) , who quantitatively described all of the chemical bonds by topological analysis based on Bader's quantum theory of atoms in molecules (QTAIM) (Bader, 1990; Popelier, 2000) . Jarzembska et al. (2012) analyzed the crystal structure at 100 K (TURCIL03), as well as the crystal packings of 2-thiouracil and some selected uracil derivatives. Recently, the structure of TURCIL03 was refined by Hirshfeld atom refinement (Woinska et al., 2016) .
In this article, we present the crystal structure of a new polymorph of 2-thiouracil (denoted polymorph B). Thanks to the above-mentioned published structure of the A polymorph, we now have an opportunity to examine the differences in the intermolecular bonding and base stacking in two different crystal structures of the same nucleic base. The intermolecular bonding networks for 2-thiouracil polymorphs A and B were explored in this study with periodic density functional theory (DFT) calculations. The wavefunctions and electron densities obtained for the experimentally determined atomic coordinates and unit-cell parameters in the crystal polymorphs were analyzed by noncovalent interaction (NCI) plots, i.e. the pictorial representations of intermolecular bonding interactions (Johnson et al., 2010; Otero-de-la-Roza et al., 2012; Saleh et al., 2012) . Also, the nature of the individual intermolecular interactions was examined in detail using QTAIM analysis (Bader, 1990; Popelier, 2000) .
Experimental

Crystallization of polymorph B
All of the chemicals used for the synthesis were of analytical grade, purchased from Merck (2-thiouracil) and Kemika (HCl), and used without further purification. The new polymorph of 2-thiouracil was prepared by dissolving 2-thiouracil (1 mmol, 128 mg) in HCl (20.0 ml, 1 mol dm À3 ) in a capped flask at 333 K in a water bath for 1 h with continuous stirring. It was then left to evaporate slowly at about 300 K in a beaker covered with a watch glass to reduce the rate of evaporation. Colourless crystals were obtained after a period of approximately one month. The crystals were stable in air and of good quality for single-crystal X-ray diffraction analysis. A series of crystallization experiments were carried out to establish the conditions needed for crystallization of polymorph B. Crystallization trials were monitored by powder X-ray diffraction (PXRD). The concentration of HCl in the crystallization solutions was varied from 0 to 6 mol dm À3 . 2-Thiouracil (0.5 mmol, 64 mg) was added to HCl (10 ml) (concentrations 0, 0.2, 0.4, 0.6, 0.8, 1, 1.5, 3 and 6 mol dm À3 ). The solubility of 2-thiouracil depends on the concentration of HCl, so after heating with continuous stirring for about 15 min at 333 K, all the solutions were filtered and the saturated solutions were left to evaporate at room temperature. In all the tested concentrations of HCl, crystals of polymorph A appeared first. The crystals were filtered off after 2 d and analyzed by PXRD, and then filtered off again when the volume of the solutions had reduced to about 2 ml in order to eliminate mixtures of polymorphs. The solutions were left to evaporate until only a very small amount of liquid was present and the crystals were again analyzed by PXRD. Only polymorph A crystallized when lower concentrations of HCl (0 to 0.4 mol dm À3 ) were the starting concentrations, while a mixture of polymorphs A and B was obtained from the last filtrate from the initial concentration of 0.6 mol dm À3 HCl. Polymorph B was obtained from solutions with initial concentrations of 0.8-6 mol dm À3 HCl. Crystals of both polymorphs are colourless and some experience was needed to distinguish them under a microscope (pictures of the crystals of both polymorphs are given in the supporting information). The concentration of HCl in the solutions after evaporation to about 0.5 ml was found to be 6.4 mol dm À3 in both analyzed cases (from starting concentrations of HCl of 0.6 and 0.8 mol dm À3 ). Good-quality crystals of polymorph B were obtained from these two starting HCl concentrations. Interestingly, crystals obtained from the 6 mol dm À3 HCl concentrations were of poor quality (dendritic and bristly).
Single crystal X-ray structure determination
The crystallographic data are summarized in Table 1 . Due to the short N1-H1 bond length (0.79 Å ) involving the H atom found in the difference Fourier map, it was decided to have a uniform treatment of all H atoms and they were placed in calculated positions and refined using the riding model, with U iso (H) values set at 1.2U eq of their respective bonding partners.
Powder X-ray diffraction analysis (PXRD)
PXRD data were collected on a PANalytical X 0 Change powder diffractometer in the Bragg-Brentano geometry using Cu K radiation ( = 1.54056 Å ) at room temperature. Samples were contained on a Si sample holder. Diffraction patterns were collected in the 2 range 5-30 in continuous scan mode. PXRD data were collected and visualized using the X 0 Pert HighScore Plus package (PANalytical, 2003) .
Hirshfeld surface analysis
Based on the crystal structures of polymorphs A and B, the Hirshfeld surface was generated by the program Crystal-Explorer (Wolff et al., 2012) . In order to determine noncovalent interactions in the crystal structures, the normalized contact distances, i.e. d norm (McKinnon et al., 2007) , were mapped onto the Hirshfeld surfaces. Contacts were analyzed in relation to the van der Waals radii, i.e. those shorter than the sum of the van der Waals radii (d norm negative; red colour), those close to the sum of the van der Waals radii (d norm equal to zero; white colour) and those longer than the sum of the van der Waals radii (d norm positive; blue colour) ( Fig. 1) . Additionally, Hirshfeld surface fingerprint plots were generated. They represent 2D (two-dimensional) histograms of the d i and d e distances; d i corresponds to the distance from the surface to the nearest atom in the molecule itself, whereas d e corresponds to the distance from the surface to the nearest atom of a neighbouring molecule. The contribution of the contact pairs to the global surface is presented by a colour gradient in the plots going from blue to red (smaller to greater contribution).
Computational methods
The initial atomic coordinates and unit-cell parameters for the periodic DFT calculations of polymorphs A and B were taken from the CSD (refcode TURCIL03; Jarzembska et al., 2012) and our X-ray diffraction experiment, respectively. The calculations started with a geometry optimization of all of the H atoms within the entire unit cell for both polymorphs. The coordinates of all atoms heavier than hydrogen were fixed and all of the H atoms were geometry optimized under periodic conditions using the mixed Gaussian and plane wave CP2K software package (CP2K, 2004; VandeVondele et al., 2005) . The periodic H-atom geometry optimization of the unit cell was performed with the BLYP functional (Becke, 1988; Lee et al., 1988) , GTH pseudopotential (Goedecker et al., 1996; Hartwigsen et al., 1998) , optimized TZVP-MOLOPT-GTH basis sets (VandeVondele & Hutter, 2007) , 400 Ry cutoff for the plane wave grid and the Grimme D3 dispersion correction (Grimme et al., 2010) . Single-point calculation was performed with the same level of theory, with a 1400 Ry cutoff for the plane wave grid and the Grimme D3 dispersion correction in order to obtain the wavefunctions and electron density of the periodic cells for polymorphs A and B. The pictorial representation of the NCI plots and QTAIM topological analysis from the periodic electron densities of polymorphs A and B were made using the VMD software package (Humphrey et al., 1996) . The NCI plots were obtained by plotting the sign( 2 )(r) values with two cutoff values, þ cut and À cut , colour mapped onto the reduced density gradient (RDG) isosurface, s(r). [Fuller information on the significance of 2 , the second density Hessian eigenvalue, is given by Otero-de-la-Roza et al. 
Results and discussion
Crystallization
Up to now, crystals of 2-thiouracil have been prepared from several different solvents, namely by evaporation of an aqueous methanol solution (Tiekink, 1989) , by evaporation of a water solution (Jarzembska et al., 2012) or from N,N-dimethylformamide (Munshi et al., 2006) . In all the published cases, 2-thiouracil crystallized in the triclinic system, with space group P1 (polymorph A). In contrast, we prepared crystals of 2-thiouracil from 0.6-6 mol dm À3 HCl, which crystallized in the monoclinic crystal system, with space group P2 1 /c (polymorph B; Fig. 1 ).
Molecular structure
The largest difference in the molecular structures of the two polymorphs is in the C2-S1 and C4-O1 bond lengths and the angles involving atom C2 ( Table 2 ). The C2-S1 bond is shorter and C4-O1 longer in polymorph B than in polymorph A. The N1-C2-N3 angle is smaller, whereas the N1-C2-S1 and N3-C2-S1 angles are larger in polymorph B than in polymorph A. These differences can be explained by their different involvement in hydrogen bonding, i.e. shorter hydrogen bonds involving the S atom in polymorph A, and a greater involvement of the O atom in the hydrogen bonding in polymorph B (Fig. 1 , see the Hirshfeld surfaces of the two polymorphs). The focus in this article is on the differences in the intermolecular contacts and the packing in the unit cell. These differences are also discussed using the Hirshfeld structure analysis and NCI and QTAIM descriptors.
Structures of several other thiouracil derivatives are known, namely 1-methyl-4-thiouracyl (Hawkinson, 1975) , 5-methyl-2thiouracil (Matković-Č alogović et al., 2002), 4-thiouracil and 2,4-dithiouracil (Jarzembska et al., 2012) , and 6-methyl-2thiouracil (Jarzembska et al., 2012 (Jarzembska et al., , 2013 Parry & Strachan, 1958) ; however, none have polymorphs that have been found so far.
Crystal structure
It was observed in thiouracil structures that hydrogen bonds of the N-HÁ Á ÁO or N-HÁ Á ÁS type (or both) play a dominant role in the crystal packing (Jarzembska et al., 2012) . Each of these hydrogen-bond types is involved in centrosymmetric dimer formation in polymorph A. The rings formed by dimerization can be described as R 2 2 (8) (Fig. 2 ). Both of these synthons are involved in polymorph A in an alternating fashion forming chains. The N1-H1 group is a hydrogenbond donor in the N1-H1Á Á ÁS1 i dimer, whereas atom N3 is involved in the N3-H3Á Á ÁO1 ii dimer (see Table 3 for hydrogen-bond geometry and symmetry codes). Quite differently, in polymorph B, the S atoms are involved only in weak C-HÁ Á ÁS contacts, so the synthon involving dimers formed by N-HÁ Á ÁS hydrogen bonds is not present. This is not unusual since sulfur is less electronegative and more polarizable, thus resulting in more variations of the hydrogen bonds in which it Table 2 Bond lengths (Å ) and angles ( ) in the crystal structures of 2-thiouracil polymorphs A and B.
A LT are data at 100 K (Jarzembska et al., 2012) and were obtained after transferable aspherical atom model (TAAM) refinement, A RT are room-temperature data (Tiekink, 1989) obtained after the standard independent atom model (IAM) refinement and B data obtained after IAM refinement. 
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Figure 2
Hydrogen-bonding network (blue dotted lines) in the crystal structures of (a) polymorph A and (b) polymorph B (the C-HÁ Á ÁO hydrogen bond in polymorph A is not shown). The donor and acceptor atoms in the central molecules are labelled in black and those of neighbouring molecules are labelled in blue.
is involved. Only the synthon formed by two centrosymmetrically related N3-H3Á Á ÁO1 vi hydrogen bonds, that connect two molecules into a dimer, is also found in polymorph B (Fig. 2) . In polymorph B, each O atom is a hydrogen-bond acceptor of two strong hydrogen bonds, whereas in polymorph A, it accepts only one strong and one weak (C5-H5Á Á ÁO1 iii ) hydrogen bond. In both polymorphs, the more acidic H atom on N3 is involved in the dimeric N-HÁ Á ÁO hydrogen-bond motif. In polymorph B, four dimers are interconnected through N1-H1Á Á ÁO1 v hydrogen bonds, forming large centrosymmetric rings defined as R 4 6 (24) by graph-set notation (Bernstein et al., 1995) . In this way, endless puckered layers are formed, parallel to (100) (Fig. 3) .
The difference between the two polymorphs is also seen in the further connection of the above-mentioned units by weak intermolecular hydrogen bonds, and in the crystal packing (Fig. 3) . In polymorph A, the layers are flat and are formed by secondary C-HÁ Á ÁO hydrogen bonds interconnecting the chains. In this way, centrosymmetric R 4 6 (20) rings can be defined. In polymorph B, the puckered layers are connected by C-HÁ Á ÁS contacts. Interactions involving S atoms in polymorph B are very weak, only slightly shorter than the sum of the van der Waals radii (Table 3) .
As we are interested in interlayer distances and stacking interactions, it was of interest to study the differences between the two polymorphs. In polymorph A, the parallel layers are related to each other via the unit-cell translation along the a axis [4.2859 (7) Å ] (Tiekink, 1989) ; however, the perpendicular distance between successive layers is 3.48 Å (Tiekink, 1989 ). Short distances between individual atoms in these layers are C5Á Á ÁC2(x + 1, y, z) of 3.33189 (5) Å and C5Á Á ÁO(Àx + 1, Ày, Àz + 1) of 3.2170 (4) Å at 100 K (Jarzembska et al., 2012) . In polymorph B, a CgÁ Á ÁCg(x À 1, y, z) distance of 4.1043 (7) Å was found, with a slippage of 2.278 Å (Cg is the centroid of the pyrimidine ring). The distance between layers is 3.4144 (5) Å , while the individual shortest contact is C2Á Á ÁC6(x À 1, y, z) of 3.4271 (18) Å .
Hirshfeld surface analysis
Noncovalent interactions in the crystal structures of the two polymorphs were further investigated by Hirshfeld surface analysis, providing more insight into the quality and quantity of these interactions. The graphical presentation in Fig. 1 clearly shows the differences in the intermolecular contacts. The red spots at the N-H groups are common to both polymorphs and indicate the hydrogen-bond donors. Atom C5 is a hydrogen-bond donor only in polymorph A. The other difference involves the S atom, which is an acceptor of a hydrogen bond in polymorph A, whereas in polymorph B, the contact is of the van der Waals type (only slightly shorter). The white regions on the Hirshfeld surface ( Fig. 1) indicate interactions of the van der Waals type. The decomposition of the fingerprint plots (Fig. 4 ) reveals that OÁ Á ÁH and SÁ Á ÁH contacts cover over 50% of the noncovalent contacts in both polymorphs (51.9% in polymorph A and 55.3% in polymorph B). The difference in the lengths of the SÁ Á ÁH interactions in the two polymorphs can be seen from the difference in the spikes that show these contacts. The other most represented contacts are those of the HÁ Á ÁH and CÁ Á ÁH types. Contacts of the CÁ Á ÁS type account for 3.4 and 5.1%, while those of the CÁ Á ÁC type account for 3.8 and 3.1% in polymorphs A and B, respectively (stacking interactions).
Computational analysis
The intermolecular interactions in the crystal structure of 2-thiouracil polymorph A have been quantitatively described by Munshi & Guru Row (2006) Table 3 Hydrogen-bond geometry (Å , ) for the N-HÁ Á ÁO, N-HÁ Á ÁS and C-HÁ Á ÁO interactions for polymorphs A and B.
The first row data for the polymorph A entries are at 100 K (Jarzembska et al., 2012;  data obtained after TAAM refinement), while the second row presents room-temperature data (Tiekink, 1989) . Contact geometry is given for C-HÁ Á ÁS interactions.
D-H
HÁ Symmetry codes: (i) Àx, Ày, Àz; (ii) Àx + 1, Ày + 1, Àz + 1; (iii) Àx + 2, Ày, Àz + 1; (iv)
x + 1, y À 1, z; (v) x, Ày + 1 2 , z + 1 2 ; (vi) Àx, Ày + 1, Àz; (vii) x + 1, Ày + 1 2 , z À 1 2 ; (viii) Àx, y À 1 2 , Àz + 1 2 . Notes: (a) the value is shorter than the sum of the van der Waals radii by only 0.12 Å ; (b) the value is shorter than the sum of the van der Waals radii by only 0.03 Å . Contact radii are those given in Bondi (1964) .
Figure 3
The packing of (a) polymorph A and (b) polymorph B in the unit cell. Hydrogen bonds are shown as thin blue lines. and geometry-related properties. In this article, for comparison between the A and B polymorphs, we performed the periodic DFT computational analysis at the same level of theory. Taking into account the applied level of theory, the energies of polymorphs A and B compared to the gas-phase geometry-optimized structure were À108.8 kJ mol À1 and À29.4 kJ mol À1 , respectively. The 2-thiouracil molecules in polymorph B are arranged in zigzag positioned planes at an angle of about 114 which enabled a different set of intermolecular interactions in comparison to the almost planar molecular arrangement in polymorph A. The intermolecular interactions responsible for the bonding attractions of 2-thiouracil molecules in polymorphs A and B were also explored with NCI and QTAIM descriptors. The noncovalent interaction (NCI) plots, developed by Johnson et al. (2010) and based on electron density and its derivative analysis, enable a visualization of the domains involved in either attractive or repulsive intermolecular interactions. The colourcoded red-green-blue domains of the NCI plots are interpreted as repulsive nonbonding, weak attractive and strong attractive interactions between the molecules in solids, respectively (Johnson et al., 2010; Otero-de-la-Roza et al., 2012; Saleh et al., 2012) . NCI plots have been applied successfully in research with respect to hydrogen bonds, electrostatic, stacking and van der Waals interactions, molecular aggregations and crystal packing (Johnson et al., 2010; Otero-de-la-Roza et al., 2012) . The NCI plots obtained from the periodic cell electron density for representative cluster units of polymorphs A and B are shown in Figs. 5 and 6, respectively. Attractive domains represented with green-blue ellipsoids that can be attributed to N-HÁ Á ÁO, C-HÁ Á ÁO and N-HÁ Á ÁS hydrogen bonds and C-HÁ Á ÁS contacts (Table 3) between a single 2-thiouracil molecule and its neighbours were found in both polymorphs. The nature of these intermolecular interactions was further characterized by a topological analysis of electron density within Bader's QTAIM analysis (Bader, 1990; Popelier, 2000) . Within the framework of QTAIM, bond path (3, À1) critical point (BCP) properties are used for the analysis and classification of intermolecular Hirshfeld fingerprint plots with decomposition of the dominant types of intermolecular contacts in (a) polymorph A and (b) polymorph B.
Figure 5
Selected noncovalent interaction (NCI) domains in the crystal structure of polymorph A. The reduced gradient isosurfaces at s = 0.5 a.u. are coloured on a red-green-blue colour scale according to the sign( 2 ) values ranging from À0.04 to 0.04 a.u., indicating repulsive nonbonding, weak attractive and strong attractive interactions, respectively.
interactions. The electron density, (r), and the magnitude and sign of the energy density, H(r), on the BCP are related to bonding strength. The value of the Laplacian of the electron density, r 2 (r), on the BCP indicates the degree of density concentration or depletion, and can be used to distinguish between shared-shell and closed-shell bonding interactions. The potential energy density, V(r), value at BCP is correlated with hydrogen-bond energy (Grabowski, 2011) . The potential energy density and the kinetic energy density ratio, |V(r)|/ G(r), has a value larger than 2 for covalent bonds, a value between 1 and 2 for mixed character interactions, and a value lower than 1 for ionic, hydrogen-bond and van der Waals interactions (Popelier, 2000; Espinosa et al., 2002; Bianchi et al., 2000) . The representation of the selected bond path (3, À1) critical points and their properties, associated with the interaction of a single 2-thiouracil molecule with its surroundings in the crystal packing for the 2-thiouracil A and B polymorphs, is given in Fig. 7 and Table 4 . The NCI plots obtained for the A and B polymorphs resemble the BCPs. For polymorph A, the obtained BCPs A1-A4 and their properties were in accordance with the respective BCPs described by Munshi & Guru Row (2006) . BCP values A1-A4 were attributed to N1-H1Á Á ÁS1 i , N3-H3Á Á ÁO1 ii and C5-H5Á Á ÁO1 iii hydrogen bonds and C6-H6Á Á ÁS1 iv contacts, respectively, and the estimated interaction energies ranged from 5.4 to 10.2 kJ mol À1 . For polymorph B, BCPs B1-B4 ( Fig. 7b and Table 4 ) were attributed to the N1-H1Á Á ÁO1 v and N3-H3Á Á ÁO1 vi hydrogen bonds and C5-H5Á Á ÁS1 vii and C6-H6Á Á ÁS1 viii contacts, respectively. The estimated interaction energies ranged from 4.9 to 9.2 kJ mol À1 , somewhat less than the estimated interaction energies obtained for polymorph A. The NCI plot for weak and stacking interactions and the corresponding selected bond path (3, À1) critical points The selected noncovalent interaction (NCI) domains in the crystal structure of polymorph B. The reduced gradient isosurfaces at s = 0.5 a.u. are coloured on a red-green-blue colour scale according to the sign( 2 ) values ranging from À0.04 to 0.04 a.u., indicating repulsive nonbonding, weak attractive and strong attractive interactions, respectively. Notes: (a) (r) is the electron density, r 2 (r) is the Laplacian of the electron density, G(r) is the kinetic energy density, V(r) is the potential energy density, H(r) is the energy density and |V(r)|/G(r) is the ratio of the potential energy to the kinetic energy density. (b) BCP A1-A4 in Fig. 7(a) and BCP A5-A7 in Fig. 8(a) . (c) BCP B1-B4 in Fig. 7(b) and BCP B5-B8 in Fig. 8(b) . All values are in atomic units (a.u.).
Figure 7
The selected bond path (3, À1) critical points (BCPs), yellow dots identified with red labels, for intermolecular interactions in the crystal structures of (a) polymorph A and (b) polymorph B. The QTAIM properties for BCPs A1-A4 and B1-B4 are given in Table 4. and their properties are presented in Fig. 8 and Table 4 . In polymorph A, the molecules are packed in shifted parallel planes and the NCI plot suggests that the weak stacking interactions involve contacts of N1, N3 and C5 atoms of one molecule with the S1 and C2 atoms of another molecule in the adjacent plane. The properties of the corresponding BCPs A5, A6 and A7 suggested weak mixed-character bonding. The estimated interaction energy for these bonding interactions ranged from 3.5 to 4.1 kJ mol À1 . The weak intermolecular SÁ Á ÁS interaction reported by Munshi et al. (2006) was also represented in the NCI plot with the green ellipsoid between the S atoms separated by 3.634 Å (Fig. 8a) . The NCI plot obtained for polymorph B (Fig. 8b ) reveals weak bonding interactions of the S1 atom with atoms C5 and C6 of the neighbouring molecules at (x, Ày + 1 2 , z + 1 2 ) and (Àx, y À 1 2 , Àz + 3 2 ), respectively. The corresponding BCPs B5 and B6 (Table 4) can be classified as weak mixed-character interactions. In 2-thiouracil polymorph B, molecules in parallel planes form weak stacking interactions through the N1 and C6 atoms of one molecule with the S1, C2 and N3 atoms of the molecule at (x + 1, y, z) in the adjacent plane (Fig. 8) . The corresponding BCPs B7 and B8 could be classified as weak mixed-character attractions. The interaction energy for these weak bonding interactions were estimated at 3.1-5.5 kJ mol À1 .
Conclusion
A new polymorph of 2-thiouracil (denoted polymorph B) was crystallized from an acidic aqueous medium and presented intermolecular contacts different from those in polymorph A. Significant differences in the molecular structures of the two polymorphs include the C2-S1 bond which is shorter, and the C4-O1 bond which is longer in polymorph B than in polymorph A, resulting from differences in hydrogen bonding. Although the decomposition of the Hirshfeld fingerprint plots show that OÁ Á ÁH and SÁ Á ÁH contacts cover over 50% of the noncovalent contacts in both polymorphs, they are quite different in strength. In polymorph A, N1-H1Á Á ÁS1 i and N3-H3Á Á ÁO1 ii hydrogen bonds (Table 3) connect neighbouring molecules into dimers [both R 2 2 (8) according to graph-set notation]. In polymorph B, the S atom is not involved in strong hydrogen bonding (hence the shorter C2-S1 bond), and dimers of R 2 2 (8) type are formed only by N3-H3Á Á ÁO1 hydrogen bonds. Four such dimers are interconnected through N1-H1Á Á ÁO1 v hydrogen bonds (Table 3) , forming large centrosymmetric rings defined as R 4 6 (24). The O1 atom is therefore an acceptor of two strong hydrogen bonds in polymorph B, influencing a lengthening of the C-O bond. The QTAIM computational analysis showed that the interaction energies for these weak-to-medium strength hydrogen bonds with a noncovalent or mixed-interaction character can be estimated as 5.4-10.2 and 4.9-9.2 kJ mol À1 for polymorphs A and B, respectively. Weak stacking interactions are formed in both polymorphs, as revealed by the NCI plot analysis. The interaction energies for these weak stacking interactions are in the ranges 3.5-4.1 and 3.1-5.5 kJ mol À1 for polymorphs A and B, respectively. Taking into account the periodic DFT calculations at the applied level of theory, the energies of polymorphs A and B compared to the gas-phase geometryoptimized structure were À108.8 and À29.4 kJ mol À1 , respectively.
Figure 8
The selected noncovalent interaction (NCI) domains that represent weak and stacking intermolecular interactions in the crystal structures of polymorphs A and B. The yellow spheres (not marked for clarity) represent the associated selected QTAIM bond path (3, À1) critical points, viz. BCPs A5-A7 and B5-B8 (see Table 4 ). Acta Cryst. (2017) . C73, 1078-1086 supporting information Acta Cryst. (2017) (Agilent, 2014) ; cell refinement: CrysAlis PRO (Agilent, 2014) ; data reduction: CrysAlis PRO (Agilent, 2014) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: Mercury (Macrae at al., 2008) and ORTEP-3 (Farrugia, 2012) ; software used to prepare material for publication: SHELXL2014 (Sheldrick, 2015) . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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